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© Method of removing sludge from lubricating oils. 

© Sludge can be effectively removed from a 
lubricating oil by contacting the oil with a dispersant 
functional group immobilized on a substrate. This 
results in improved engine cleanliness and control of 
viscosity increases. 



CM 
< 

in 
o 

G> 
CO 

5 



CL 
111 



EP 0 416 905 A2 



METHOD OF REMOVING SLUDGE FROM LUBRICATING OILS 



This invention concerns removing sludge from 
a lubricating oil. 

During combustion of fuel (e.g. gasoline) in 
an internal combustion engine, certain polar hy- 
drocarbon contaminants ( e . g . low molecular 
weight polar alkyl compounds such as alcohols, 
aldehydes, ketones, carboxylic acids, and the like) 
are formed due to incomplete combustion of the 
fuel. These sludge and varnish precursors are 
passed into the lubricating oil with the combustion 
gases where the precursors contact water in the oil 
and agglomerate to form an emulsion which is 
commonly referred to as sludge. The presence Gf 
sludge in the oil is undesirable because it tends to 
increase the oil's viscosity, promote the presence 
of varnish in the oil, and plug oil ways. 

For many years, dispersants have been used 
in lubricating oils to greatly increase the capacity of 
the oil to suspend sludge. This in turn decreases 
the sludge's detrimental effect on viscosity, var- 
nish, and oil way plugging. However, at some point, 
an oil's capacity to protect an engine becomes 
limited, even with the most poient dispersant. In 
addition, dispersants in current use suspend sludge 
in such a finely divided form that the sludge 
passes through currently available filters and re- 
mains in the oil. 

Therefore, it would be desirable to have avail- 
able a simple, yet convenient method for removing 
sludge from a lubricating oil and thereby avoid the 
deleterious effects of leaving the sludge suspended 
in the oil. 

This invention concerns a method for removing 
sludge from a lubricating oil. More specifically, 
sludge can be effectively removed from used 
lubricating oils by contacting the sludge with a 
dispersant functional group that is immobilised on a 
substrate through which the oil is passed. While 
not wishing to be bound by any particular theory, 
we believe that the sludge and varnish precursors 
complex with the dispersant functional group and 
become immobilised on the substrate. In a pre- 
ferred embodiment, the substrate is immobilised 
within the lubrication system of an internal combus- 
tion engine. 

Conventional dispersants comprise a solubiliz- 
ing group such as polyisobutylene and a functional 
group that complexes or reacts with the sludge and 
varnish precursors (hereinafter referred to as dis- 
persant functional group). However, according to 
this invention, sludge can be removed from a 
lubricating oil without the need for a solubilizing 
group by incorporating (e.g. reacting or deposit- 
ing) a dispersant functional group on or with a 
substrate that is immobilised. Essentially any dis- 



persant functional group which will complex with 
x sludge or varnish precursors can be used. Exam- 
ples of suitable dispersant functional groups are 
amines, polyamines, morpholines, oxazolines, 

5 piperazines, alcohols, polyols, polyethers, or substi- 
tuted versions thereof (e.g. alkyl, dialkyl, aryl, 
atkaryl or araikyl amines, eta) Preferred dispersant 
functional groups include polyethylene amines, oth- 
er substituted amines (e.g. polypropylene 

w amines), pentaerythritol, aminopropyl morpholine, 
their derivatives, or mixtures thereof. Examples of 
derivatives include, but are not limited to, salts of 
these dispersant functional groups; reaction pro- 
ducts of these functional groups with sultones, 

is cyclic anhydrides, or their neutralized derivatives ( 
e.g. metal sulfonate or carboxylate salts); hy- 
drocarbon insoluble polymers (organic or inorganic) 
bound to these functional groups; organic or in- 
organic polymer matrices in which these functional 

20 groups are bound or chemisorbed; and copolymers 
containing these functional groups. Examples of the 
latter include polymer films which incorporate poly- 
ethylene amines or polyolefins containing polyeth- 
ylene amine in which the hydrocarbon portion has 

25 been rendered porous and insoluble. Polyethylene 
amines are a particularly effective functional group, 
with the sulfonate salt derivatives of polyethylene 
amine being preferred. 

The precise amount of dispersant functional 

30 group incorporated on the substrate can vary 
broadly depending upon the amount of sludge in 
the oil. However, although only an amount effective 
(or sufficient) to reduce the sludge content of the 
lubricating oil need be used, the amount will typi- 

35 cally range from about 0.1 to about 10 wt.%, pref- 
erably from about 0.2 to about 2.0 wt.%, based on 
weight of the lubricating oil, provided the disper- 
sant functional group on the substrate is the only 
dispersant functional group in the system. 

40 If desired, the substrate can be located within 

or external to the lubrication system of an internal 
combustion engine. Preferably, the substrate will 
be located within the lubrication system ( e . g . on 
the engine block or near the sump). More prefer- 

45 ably, the substrate will be part of the engine's filter 
system for filtering oil, although it could be sepa- 
rate therefrom. Suitable substrates include organic 
polymers, inorganic polymers, or their mixtures. 
The dispersant may be chemically bound to the 

so substrate or physically incorporated into the sub- 
strate. Examples of suitable substrates include, but 
are not limited to, alumina, activated clay, cellulose, 
cement binder, silica-alumina, polymer matrices, 
activated carbon, and various polymers such as 
polyvinyl alcohol. High surface substrates such as 
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alumina, cement binder, polymer matrices, and ac- 
tivated carbon are preferred. The dispersant-sub- 
strate composition can be formed into various 
shapes such as pellets or spheres. The substrate 
may (but need not) be inert ( e . g . the substrate 
may also impart dispersant activity). 

In a preferred embodiment, the dispersant 
functional group is polyethylene amine which is 
incorporated on a substrate comprising alumina 
spheres within a conventional oil filter. 

The dispersant functional group may be incor- 
porated on or with the substrate by methods known 
to those skilled in the art. For example, if the 
substrate were alumina spheres, the dispersant 
functional group can be deposited by using the 
following technique. A salt of a sulfonate or carbox- 
ylate containing polyethylene amine is prepared 
and dissolved in water to make a concentrated 
solution. This solution is added to dry alumina 
spheres so that all the voids of the spheres are 
fitted. The spheres are then heated to evaporate 
the water, leaving a layer of sulfonate or carbox- 
ylate salt of polyethylene amine filling the pores of 
the alumina spheres. 

Sludge is present in essentially any lubricating 
oil used -n the lubrication system of essentially any 
internal combustion engine, including automobile 
and truck engines, two-cycle engines, aviation pis- 
ton engines, marine and railroad engines, gas-fired 
engines, alcohol (e.g. methanol) powered en- 
gines, stationary powered engines, turbines, and 
the like. The sludge is produced during combustion 
and is blown passed the piston into the lubricating 
oil. In addition to sludge, the lubricating oil will 
normally comprise a major amount of lubricating oil 
basestock (or lubricating base oil), and a minor 
amount of one or more additives. The lubricating 
oil basestock can be derived from natural lubricat- 
ing oils, synthetic lubricating oils, or mixtures there- 
of. In general, the lubricating oil basestock will have 
a viscosity in the range of about 5 to about 10,000 
cSt at 40* C, although typical applications will re- 
quire an oil having a viscosity ranging from about 
1 0 to about 1 ,000 cSt at 40 * C. 

Natural lubricating oils include animal oils, 
vegetable oils (e.g., castor oil and lard oil), 
petroleum oils, mineral oils, and oils derived from 
coal or shale. 

Synthetic oils include hydrocarbon oils and 
halo-substituted hydrocarbon oils such as polymer- 
ized and interpoiymerized olefins ( e . g . poly- 
butylenes, poiypropyienes, propylene-isobutylene 
copolymers, chlorinated poly butylenes, poly(1-hex- 
enes), poly(l-octenes), poly(l-decenes), etc., and 
mixtures thereof); alkylbenzenes (e.g. dodecyl- 
benzenes, tetradecylbenzenes, dinonylbenzenes, 
- di(2-ethylhexyl)benzene, etc.); polyphenyls (e.g. 
biphenyls, terphenyfs, alkylated polyphenyls, etc.); 



alkylated diphenyl ethers, alkylated diphenyl sul- 
fides, as well as their derivatives, analogs, and 
homologs thereof; and the like. 

Synthetic lubricating oils also include alkylene 
5 oxide polymers, interpolymers, copolymers and de- 
1 rivatives thereof wherein the terminal hydroxyl 
groups have been modified by esterification, 
ether ification, etc. This class of synthetic oils is 
exemplified by polyoxyalkylene polymers prepared 
w by polymerization of ethylene oxide or propylene 
oxide; the alkyl and aryl ethers of these polyoxyal- 
kylene polymers (e.g., methyi-polyisopropylene 
glycol ether having'an average molecular weight of 
1000, diphenyl ether of polyethylene glycol having 
is a molecular weight of 500-1000, diethyl ether of 
polypropylene glycol having a molecular weight of 
1000-1500); and mono- and polycarboxylic esters 
thereof ( e . g the acetic acid esters, mixed C3- 
Cs fatty acid~esters, and C13 oxo acid diester of 
20 tetraethylene glycol). 

Another suitable class of synthetic lubricating 
oils comprises the esters of dicarboxylic acids ( e . 
g phthaiic acid, succinic acid, alkyi succinic acids 
and alkenyl succinic acids, maleic acid, azelaic 
25 acid, suberic acid, sebasic acid, fumaric acid, ad- 
ipic acid, linoleic acid dimer, malonic acid, alkyl- 
malonic acids, alkenyl malonic acids, etc.) with a 
variety of alcohols (e.g., butyl alcohol, hexyl 
alcohol, dodecyl alcohol, 2-ethyihexyl alcohol, eth- 
30 ylene glycol, diethylene glycol monoether, pro- 
pylene glycol, etc.). Specific examples of these 
esters include dibutyl adipate, di(2-ethylhexyl) 
sebacate, di-n-hexyl fumarate, dioctyl sebacate, 
diisooctyl azelate, diisodecyl azelate, dioctyl 
35 phthalate, didecyl phthalate, dieicosyl sebacate, the 
2-ethylhexyl diester of linoleic acid dimer, and the 
complex ester formed by reacting one moie of 
sebacic acid with two moles of tetraethylene glycol 
and two moles of 2-ethylhexanoic acid, and the 
40 like. 

Esters useful as synthetic oils also include 
those made from Cs to C12 monocarboxylic acids 
and polyois and poiyol ethers such as neopentyl 
glycol, trimethyiolpropane, pentaerythritol, dipen- 

45 taerythritot, tripentaerythritol, and the like. Synthetic 
hydrocarbon oils are also obtained from hydroge- 
nated oligomers of normal olefins. 

Silicon-based oils (such as the polyakyh 
poly aryl-, polyalkoxy-, or polyaryloxy-sitoxane oils 

50 and silicate oils) comprise another useful class of 
synthetic lubricating oils. These oils include tetra- 
ethyl silicate, tetraisopropyl silicate, tetra-(2-ethyl- 
hexyl) silicate, tetra-(4-methyl-2-ethyihexyl) silicate, 
tetra(p-tert-butylphenyl) silicate, hexa-(4-methyl-2- 

55 pentoxy)-disiloxane, poly(methyl)-siloxanes and 
poly(methylphenyi) siloxanes, and the like. Other 
synthetic lubricating oils include liquid esters of 
phosphorus-containing acids (e.g., tricresyi 
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phosphate, trioctyl phosphate, diethyl ester of de- 
cylphosphonic acid), polymeric tetrahydrofurans, 
polyalphaolefins, and the like. 

The lubricating oii may be derived from un- 
refined, refined, rerefined oils, or mixtures thereof. 
Unrefined oils are obtained directly from a natural 
source or synthetic source (e.g., coal, shale, or 
tar sands bitumen) without Further purification or 
treatment. Examples of unrefined oils include a 
shale oil obtained directly from a retorting opera- 
tion, a petroleum oil obtained directly from distilla- 
tion, or an ester oil obtained directly from an es- 
terification process, each of which is then used 
without further treatment. Refined oils are similar to 
the unrefined oils except that refined oils have 
been treated in one or more purification steps to 
improve one or more properties. Suitable purifica- 
tion techniques include distillation, hydrotreating, 
dewaxing, solvent extraction, acid or base extrac- 
tion, filtration, and percolation, all of which are 
known to those skilled in the art. Rerefined oils are 
obtained by treating refined oils in processes simi- 
lar to those used to obtain the refined oils. These 
rerefined oils are also known as reclaimed or re- 
processed oils and often are additionally processed 
by techniques for removal of spent additives and 
oil breakdown products. 

The lubricating base oil may contain one or 
more additives to form a fully formulated lubricating 
oil. Such lubricating oii additives include antiwear 
agents, antioxidants, corrosion inhibitors, deter- 
gents, pour point depressants, extreme pressure 
additives, viscosity index improvers, friction modifi- 
ers, and the like. These additives are typically 
disclosed, for example, in "Lubricant Additives" by 
C.V. Smalheer and R. Kennedy Smith, 1967, pp. 1- 
11 and in U.S. Patent 4,105,571, the disclosures of 
which are incorporated herein by reference. Nor- 
mally, there is from about 1 to about 20 wt.% of 
these additives in a fuily formulated engine 
lubricating oii. Dispersants may also be included as 
additives in the oil if desired, although this inven- 
tion partially or completely negates their need. 
However, the precise additives used (and their rela- 
tive amounts) will depend upon the particular ap- 
plication of the oil. 

This invention can also be combined with the 
removal of carcinogenic components from a 
lubricating oil, as is disclosed in European Patent 
Application 0 275 148 (published July 20, 1988), 
the disclosure of which is incorporated herein by 
reference. For example, polynuclear aromatic hy- 
drocarbons (especially PNA's with at least three 
aromatic rings) that are usually present in used 
lubricating oil can be substantially removed ( i . e 
reduced by from about 60 to about 90% or more) 
by passing the oii through a sorbent. The sorbent 
may be immobilized with the substrate described 



above or immobilized separate therefrom. Prefer- 
ably, the substrate and sorbent will be located 
within the lubrication system of an internal combus- 
tion engine through which the oil must circulate 

5 after being used to lubricate the engine. Most pref- 
1 erably, the substrate and sorbent will be part of the 
engine filter system for filtering oil. If the latter, the 
sorbent can be conveniently located on the engine 
block or near the sump, preferably downstream of 

w the oil as it circulates through the engine (i.e., 
after the oil has been heated). Most preferably, the 
sorbent is downstream of the substrate. 

Suitable sorbents include activated carbon, at- 
tapulgus clay, silica gel, molecular sieves, dolomite 

15 clay, alumina, zeolite, or mixtures thereof. Activated 
carbon is preferred because (1) it is at least par- 
tially selective to the removal of polynuclear ar- 
omatics containing more than 3 aromatic rings, (2) 
the PNA's removed are tightly bound to the carbon 

20 and will not be leached-out to become free PNA's 
after disposal, (3) the PNA's removed will not be 
redissolved in the used lubricating oil, and (4) 
heavy metals such as lead and chromium may be 
removed as well. Although most activated carbons 

25 will remove PNA's to some extent, wood and peat 
based carbons are significantly more effective in 
removing four and higher ring aromatics than coal 
or coconut based carbons. 

The amount of sorbent required will depend 

30 upon the PNA concentration in the lubricating oil. 
Typically, for five quarts of oil, about 20 to about 
150 grams of activated carbon can reduce the PNA 
content of the used lubricating oil by up to 90%. 
Used lubricating oils usually contain from about 10 

35 to about 10,000 ppm of PNA's. 

it may be necessary to provide a container to 
hold the sorbent such as a circular mass of sor- 
bent supported on wire gauze. Alternatively, an oii 
filter could comprise the sorbent capable of com- 

40 bining with polynuclear aromatic hydrocarbons held 
in pockets of filter paper. These features would 
also be applicable to the substrate described 
above. 

Any of the foregoing embodiments of this in- 
45 vention can also be combined with a sorbent (such 
as those described above) that is mixed, coated, or 
impregnated with additives normally present in 
lubricating oils, particularly engine lubricating oils 
(see European Patent Application 0 275 148). In 
so this embodiment, additives (such as the lubricating 
oil additives described above) are slowly released 
into the lubricating oil to replenish the additives as 
they are depleted during use of the oil. The ease 
with which the additives are released into the oil 
55 depends upon the nature of the additive and the 
sorbent. Preferably, however, the additives will be 
totally released within 150 hours of engine opera- 
tion. In addition, the sorbent may contain from 
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about 50 to about 100 wt.% of the additive (based 
on the weight of activated carbon), which generally 
corresponds to 0.5 to 1.0 wt.% of the additive in 
the lubricating oil. 

Any of the foregoing embodiments may also 
be combined with a method for reducing piston 
deposits resulting from neutralizing fuel combustion 
acids in the piston ring zone (i.e., that area of 
the piston liner traversed by the reciprocating pis- 
ton) of an internal combustion engine (such as is 
disclosed in U.S. Patent 4,906,389). More specifi- 
cally, these deposits can be reduced or eliminated 
from the engine by contacting the combustion ac- 
ids at the piston ring zone with a soluble weak 
base for a period of time sufficient to neutralize a 
major portion (preferably essentially all) of the 
combustion acids and form soluble neutral salts 
which contain a weak base and a strong combus- 
tion acid. 

This embodiment requires that a weak base be 
present in the lubricating oil. The weak base will 
normally be added to the lubricating oil during its 
formulation or manufacture. Broadly speaking, the 
weak bases can be basic organophosphorus com- 
pounds, basic organonitrogen compounds, or mix- 
tures thereof, with basic organonitrogen com- 
pounds being preferred. Families of basic or- 
ganophosphorus and organonitrogen compounds 
include aromatic compounds, aliphatic compounds, 
cycloaliphatic compounds, or mixtures thereof. Ex- 
amples of basic organonitrogen compounds in- 
clude, but are not limited to, pyridines; anilines; 
piperazines; morpholines; alkyi, dialkyl, and trialky 
amines; alkyl polyamines; and alkyl and aryi 
guanidines. Alkyl, dialkyl, and trialkyl phosphines 
are examples of basic organophosphorus com- 
pounds. 

Examples of particularly effective weak bases 
are the diaikyl amines (RaHN), trialkyl amines 
(RaN), dialkyl phosphines (R2HP), and trialkyl 
phosphines (R 3 P), where R is an alkyl group, H is 
hydrogen, N is nitrogen, and P is phosphorus. All 
of the alkyl groups in the amine or phosphine need 
not have the same chain length. The alkyl group 
should be substantially saturated and from 1 to 22 
carbons in length. For the di- and tri- alkyl 
phosphines and the di- and trialkyl amines, the 
total number of carbon atoms in the alkyl groups 
should be from 12 to 66. Preferably, the individual 
alkyl group will be from 6 to 18, more preferably 
from 10 to 18, carbon atoms in length. 

Trialkyl amines and trialkyl phosphines are pre- 
ferred over the dialkyl amines and dialkyl 
phosphines. Examples of suitable diaikyl and trial- 
kyl amines (or phosphines) include tributyl amine 
(or phosphine), dihexyl amine (or phosphine), de- 
cylethyl amine (or phosphine), trihexyl amine (or 
phosphine), trioctyi amrne (or phosphine), trioctyl- 



decyl amine (or phosphine), tridecyl amine (or 
. phosphine), dioctyl amine (or phosphine), trieicosyl 
amine (or phosphine), tridocosyl amine (or 
phosphine), or mixtures thereof. Preferred trialkyl 

5 amines are trihexyl amine, trioctadecyl amine, or 
1 mixtures thereof, with trioctadecyi amine being par- 
ticularly preferred. Preferred trialkyl phosphines are 
trihexyl phosphine, trioctyldecy! phosphine, or mix- 
tures thereof, with trioctadecyl phosphine being 

70 particularly preferred. Still another example of a 
suitable weak base is the polyethyleneamine imide 
of polybutenylsuccinie anhydride with more than 40 
carbons in the polybutenyl group. 

The weak base must be strong enough to 

;s neutralize the combustion acids (i.e., form a 
salt). Suitable weak bases will typically have a PKa 
from about 4 to about 12. However, even strong 
organic bases (such as organoguanidines) can be 
utilized as the weak base if the strong base is an 

20 appropriate oxide or hydroxide and is capable of 
releasing the weak base from the weak 
base/combustion acid salt. 

The molecular weight of the weak base should 
be such that the protonated nitrogen compound 

25 retains its oil solubility. Thus, the weak base should 
have sufficient solubility so that the salt formed 
remains soluble in the oil and does not precipitate. 
Adding alkyl groups to the weak base is the pre- 
ferred method to ensure its solubility. 

30 The amount of weak base in the lubricating oil 

for contact at the piston ring zone will vary depend- 
ing upon the amount of combustion acids present, 
the degree of neutralization desired, and the spe- 
cific applications of the oil. In general, the amount 

35 need only be that which is effective or sufficient to 
neutralize at least a portion of the combustion acids 
present at the piston ring zone. Typically, the 
amount will range from about 0.01 to about 3 wt.% 
or more, preferably from about 0.1 to about 1.0 

40 wt.%. 

Following neutralization of the combustion ac- 
ids, the neutral salts are passed or circulated from 
the piston ring zone with the lubricating oil and 
contacted with a heterogenous strong base. By 

45 strong base is meant a base that will displace the 
weak base from the neutral salts and return the 
weak base to the oil for recirculation to the piston 
ring zone where the weak base is reused to neu- 
tralize combustion acids. Examples of suitable 

so strong bases include, but are not limited to, barium 
oxide (BaO), calcium carbonate (CaCC>3), calcium 
oxide (CaO), calcium hydroxide (Ca(OH) 2 ) magne- 
sium carbonate (MgC0 3 ), magnesium hydroxide 
(Mg(OH) 2 ), magnesium oxide (MgO), sodium alu- 

55 minate (NaAI0 2 ), sodium carbonate (Na 2 C03), so- 
dium hydroxide (NaOH), zinc oxide (ZnO), or their 
mixtures, with ZnO being particularly preferred. By 
"heterogenous strong base" is meant that the 
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strong base is in a separate phase (or substantially 
in a separate phase) from the lubricating oil, i.e., 
the strong base is insoluble or substantially insolu- 
ble in the oil. 

The strong base may be incorporated { e . g . 
impregnated) on or with a substrate immobilized in 
the lubricating system of the engine, but subse- 
quent to (or downstream of) the piston ring zone. 
Thus, the substrate can be located on the engine 
block or near the sump. Preferably, the substrate 
will be part of the filter system for filtering oil. 
although it could be separate therefrom. Suitable 
substrates include, but are not limited to, alumina, 
activated clay, cellulose, cement binder, silica-alu- 
mina, and activated carbon. The alumina, cement 
binder, and activated carbon are preferred, with 
cement binder being particularly preferred. The 
substrate may (but need not) be inert. 

The amount of strong base required will vary 
with the amount of weak base in the oil and the 
amount of combustion acids formed during engine 
operation. However, since the strong base is not 
being continuously regenerated for reuse as is the 
weak base ( i . e ., the alkyi amine), the amount of 
strong base must be at least equal to (and prefer- 
ably be a multiple of) the equivalent weight of the 
weak base in the oil. Therefore, the amount of 
strong base should be from 1 to about 15 times, 
preferably from 1 to about 5 times, the equivalent 
weight of the weak base in the oil. 

Once the weak base has been displaced from 
the soluble neutral salts, the strong base/strong 
combustion acid salts thus formed will be immo- 
bilized as heterogenous deposits with the strong 
base or with the strong base on a substrate if one 
is used. Thus, deposits which would normally be 
formed in the piston ring zone are not formed until 
the soluble salts contact the strong base. Prefer- 
ably, the strong base will be located such that it 
can be easily removed from the lubrication system 
(e.g., included as part of the oil filter system). 
" Thus, this invention can be combined with re- 
moving PNA's from a lubricating oil, enhancing the 
performance of a lubricating oil by releasing con- 
ventional additives into the oil, reducing piston de- 
posits in an internal combustion engine, or a com- 
bination thereof. 

Although this invention has heretofore been 
described with specific reference to removing 
sludge from lubricating oils used in internal com- 
bustion engines, it can also be suitably applied to 
essentially any oil ( e . g . industrial lubricating oils) 
that contains the polar hydrocarbon sludge or var- 
nish precursors from which sludge is formed. 

This invention may be further understood by 
reference to the following examples which are not 
intended to restrict the scope of the appended 
claims. 



Example 1 - Preparation of Dispersant Immobilized 
. on a Polymeric Substrate 

A solution of 50g of polyvinyl alcohol (88% 
5 hydrolyzed, M.W. 96.000) in 400g anhydrous 
^dimethylsulf oxide (DMSO) was prepared by stirring 
at90°C. 

A solution 39.5g toluene diisocyanate in 108g 
DMSO was stirred at 90° C and 90g of the above 
70 polyvinyl alcohol solution (10g PVA) was added 
over about 10 min and stirred overnight (20.5 hrs). 
Then 45g (0.227 mole) of tetraethylene pentamine 
in 100g DMSO was added and stirred at 90 "C for 
24 hrs. The product was mixed briefly in a blender 
75 with excess water and collected by filtration. The 
filter cake was washed three times with water. The 
cake was then washed with tetrahydrofuran (THF). 
Contact with THF changed it from a wet powder to 
a hard mass. The cake was rinsed with hexane and 
20 broken-up. After drying in a vacuum area at 50 C, 
a 32.2g yield of product was obtained. Analysis for 
N = 18.78%, 18.59%. 

The finely pulverized material was suitable for 
packing in an oil filter to remove sludge from the 
25 lubricating oil circulating within the lubrication sys- 
tem of an internal combustion engine. 

Example 2 - Preparation of Dispersant Immobilized 
30 on Cellubiic Filter Paper 

Filter paper from a commercial automotive oil 
filter was placed in a dry dimethyl sulfoxide solu- 
tion of a diisocyanate such as toluene diisocyate. 
35 Stirring under an inert dry atmosphere was contin- 
ued for several days. 

The paper was then washed three times using 
fresh DMSO. The paper was then placed in a 
solution of tetraethylene pentamine in DMSO and 
40 stirred for several days. The paper was then rinsed 
three times with DMSO and then with ether. Analy- 
sis after vacuum dry indicated that the paper had 
incorporated 2.4% nitrogen. 

The resulting dispersant-containing filter paper 
45 was suitable for use in an oil filter to remove 
sludge from the lubricating oil circulating within the 
lubrication system of an internal combustion en- 
gine. 



Claims 

1. A method for removing sludge from a lubricating 
oil which comprises 

(a) incorporating a dispersant functional group 
with an immobilized substrate, and 

(b) contacting the lubricating oil with the sub- 
strate for a period of time sufficient to remove at 
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least a portion of the sludge from the lubricating 
oil onto the substrate. 

2. The method of claim 1 wherein the dispersant 
functional group is a polyamine, amine, morphotine, 
oxazoline, piperazine, alcohol, polyol, polyether, or 
substituted versions thereof. 

3. The method of claim 2 wherein the dispersant 
functional group comprises a polyamine or a salt 
derivative thereof. 

4. The method of claim 3 wherein the polyamine 
comprises polyethylene amine. 

5. The method of any preceding claim wherein the 
substrate comprises alumina, activated clay, cel- 
lulose, cement binder, silica-alumina, a polymer 
matrix, activated carbon, or mixtures thereof. 

6. The method of claim 5 wherein the dispersant 
functional group is impregnated on a substrate 
comprising alumina. 

7. The method of claim 6 wherein the substrate 
comprises alumina spheres. 

8. The method of any preceding claim wherein the 
lubricating oil circulates within the lubrication sys- 
tem of an internal combusion engine and the sub- 
strate is immobilized within the lubrication system 
of the engine. 

9. The method of any preceding claim wherein 
polynuclear aromatic compounds are present in the 
lubricating oil and are removed therefrom by con- 
tacting the oil with a sorbent located within the 
lubrication system. 

10. The method of ciatm 9 wherein the sorbent is 
included within an engine oil filter. 

11. The method of claim 9 or 10 wherein the 
sorbent comprises activated carbon. 

12. The method of any of claims 9 to 11 wherein 
the sorbent is impregnated with at least one engine 
lubricating oil additive. 

13. The method of any of claims 8 to 12 wherein a 
weak base is present in the lubricating oil and a 
heterogenous strong base is incorporated with the 
substrate such that the soluble neutral salts formed 
by contacting the weak base with combustion acids 
present in the piston ring zone of an internal com- 
bustion engine circulate to the substrate and con- 
tact the strong base, thereby displacing a portion of 
the weak base from the salt into the lubricating oil, 
which results in the formation of a strong 
base/combustion acid salt immobilized with the 
strong base. 

14. An oil filter suitable for removing sludge from a 
lubricating oil which comprises a substrate having a 
dispersant functional group incorporated therein. 

15. The filter of claim 14 wherein the lubricating oil 
circulates within the lubrication system of an inter- 
nal combustion engine. 

16. The filter of claim 14 or 15 wherein the disper- 
sant functional group is a polyamine, amine, mor- 
pholine, oxazoline, piperazine, atcohol, polyol, 



polyether, or substituted versions thereof. 
17. The filter of claim 16 wherein the dispersant 
functional group comprises a polyamine or a salt 
derivative thereof. 
5 18. The filter of claim 17 wherein the polyamine 
1 comprises polyethylene amine. 
19. The filter of any of claims 14 to 18 wherein the 
dispersant functional group is impregnated on a 
substrate comprising alumina. 
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